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7KH WHPSHUDWXUH RI WKH0LOOL40LOOLSRUHZDWHU VXESKDVHZDVPDLQWDLQHG E\ XVLQJ D FLUFXODWLQJZDWHU
EDWK7KHFRPSUHVVLRQRIWKHILOPZDVVWDUWHGPLQDIWHUVSUHDGLQJWRHQVXUHWKHFRPSOHWHHYDSRUDWLRQ
RI WKH VROYHQW DQG WKH XQLIRUP GLVWULEXWLRQ RI WKH PROHFXOHV DW WKH LQWHUIDFH (DFK PHDVXUHPHQW ZDV
UHSHDWHGDWOHDVWWLPHVWRSURYHWKHUHSURGXFLELOLW\RIWKHUHVXOWV,QRUGHUWRDYRLGGXVWFRQWDPLQDWLRQRI
WKHLQWHUIDFHDQGWRHQVXUHDFRQVWDQWKXPLGLW\WKH/DQJPXLUWURXJKZDVSODFHGLQDVHDOHGER[

;UD\'LIIUDFWLRQ0HDVXUHPHQWV*,;'
7KHODWWLFHVWUXFWXUHLQFRQGHQVHGPRQROD\HUVZDVLQYHVWLJDWHGXVLQJWKHOLTXLGVXUIDFHGLIIUDFWRPHWHUDW
WKH XQGXODWRU EHDPOLQH %: +$6</$% '(6< +DPEXUJ *HUPDQ\ E\ JUD]LQJ LQFLGHQFH ;UD\
GLIIUDFWLRQ *,;'PHDVXUHPHQWV$W%: D/DQJPXLU ILOPEDODQFH HTXLSSHGZLWKD:LOKHOP\SODWH
ZDVSRVLWLRQHGLQDKHUPHWLFDOO\FORVHGFRQWDLQHUIOXVKHGZLWKKHOLXP$PRQRFKURPDWLFV\QFKURWURQ;
UD\EHDPO cZDVDGMXVWHGWRVWULNHWKHKHOLXPZDWHULQWHUIDFHDWDJUD]LQJLQFLGHQFHDQJOHĮL 
ĮFĮF OLJKWLQJXSURXJKO\uPPRIWKHVXUIDFH7KHWURXJKZDVODWHUDOO\PRYHGGXULQJ
WKHPHDVXUHPHQWVWRSUHYHQWDQ\VDPSOHGDPDJHE\WKHVWURQJ;UD\EHDP)RUWKHPHDVXUHPHQWRIWKH
GLIIUDFWHG VLJQDO D0<7+(1 GHWHFWRU V\VWHP 36, 9LOOLJHQ 6ZLW]HUODQG ZDV URWDWHG WR VFDQ WKH LQ
SODQH4[\FRPSRQHQWYDOXHVRI WKH VFDWWHULQJYHFWRU7KHYHUWLFDOVWULSVRI WKH0<7+(1PHDVXUHG WKH
RXWRISODQH 4] FRPSRQHQW RI WKH VFDWWHULQJ YHFWRU EHWZHHQ  DQG  c 7KH GLIIUDFWLRQ GDWD
FRQVLVWHG RI%UDJJ SHDNV DW GLDJQRVWLF4[\ YDOXHV7KH GLIIUDFWHG LQWHQVLW\ QRUPDO WR WKH LQWHUIDFHZDV
LQWHJUDWHG RYHU WKH4[\ZLQGRZ RI WKH GLIIUDFWLRQ SHDN WR FDOFXODWH WKH FRUUHVSRQGLQJ %UDJJ URG 7KH
WKLFNQHVVRIWKHPRQROD\HULVHVWLPDWHGIURPWKH):+0RIWKH%UDJJURGXVLQJʌ):+04]
7KHLQSODQHFRPSRQHQWLHWKHSRVLWLRQRIPD[LPXP%UDJJSHDNLQWHQVLW\4[WKNSURYLGHVLQIRUPDWLRQ
DERXW WKHODWWLFHVSDFLQJGKN KDQGNDUHWKH0LOOHU LQGLFHVGKN S4[\7KHLQSODQHFRKHUHQFHOHQJWK
/[\ ZDV DSSUR[LPDWHG IURP WKH IXOOZLGWK DW KDOI PD[LPXP ):+0 RI WKH %UDJJ SHDN XVLQJ
/[\aS):+04[\7KHRXWRISODQHFRPSRQHQWFDQSURYLGHLQIRUPDWLRQDERXWWKHSRODUWLOWDQJOH
WDQGWKHFKDLQWLOWGLUHFWLRQȌD]LPXWKȌ
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8VLQJWKHREWDLQHGWLOWDQJOH W WKHFURVVVHFWLRQDODUHDSHUFKDLQ$FDQEHFDOFXODWHGIURPWKHDUHDSHU
FKDLQLQWKHZDWHUSODQH

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)LJXUH6FRVWDVIXQFWLRQRIWKHODWHUDOSUHVVXUHʌDWGLIIHUHQWWHPSHUDWXUHVƔ&Ÿ&W
LV WKH WLOWDQJOH7KHOLQHDUH[WUDSRODWLRQWRZDUGV]HURWLOWDQJOH FRVW \LHOGV WKHSUHVVXUHRI WKH
WLOWLQJWUDQVLWLRQ

;UD\5HIOHFWLYLW\;5
;UD\ UHIOHFWLYLW\ PHDVXUHPHQWV ZHUH FDUULHG RXW DW WKH VDPH EHDPOLQH DV *,;' H[SHULPHQWV 7KH
H[SHULPHQWDOVHWXSDQGHYDOXDWLRQSURFHGXUHVDUHGHVFULEHGLQGHWDLOHOVHZKHUH-HQVHQ
7KHVSHFXODU;UD\UHIOHFWLYLW\;5GDWDFROOHFWLRQZDVSHUIRUPHGE\XVLQJD1D,VFLQWLOODWLRQGHWHFWRU
7KH;UD\ UHIOHFWLYLW\ZDVPHDVXUHGZLWK WKHJHRPHWU\ ĮL  ĮI   ĮZKHUH ĮL LV WKH YHUWLFDO LQFLGHQFH
DQJOHDQGĮILVWKHYHUWLFDOH[LWDQJOHRIWKHUHIOHFWHG;UD\V;5GDWDZHUHFROOHFWHGDVDIXQFWLRQRIWKH
LQFLGHQFHDQJOHĮLYDULHGLQWKHUDQJHRIFRUUHVSRQGLQJWRDUDQJHRIccRI
WKHYHUWLFDOVFDWWHULQJYHFWRUFRPSRQHQW4]7KHEDFNJURXQGVFDWWHULQJIURPWKHVXESKDVHZDVPHDVXUHG
DWș[\ DQGVXEWUDFWHGIURPWKHVLJQDOPHDVXUHGDWș[\ 7KH;UD\IRRWSULQWDUHDRQWKHVDPSOH
LVLQYHUVHO\SURSRUWLRQDOWRWKHLQFLGHQWDQJOHRIWKH;UD\V
7KHHOHFWURQGHQVLW\SURILOHKDVEHHQREWDLQHGZLWKDPRGHOLQGHSHQGHQWPHWKRG
)URP WKH H[SHULPHQWDOO\ REVHUYHG UHIOHFWLYLW\ FXUYH WKH FRUUHVSRQGLQJ SURILOH FRUUHODWLRQ IXQFWLRQ LV
HVWLPDWHGYLD LQGLUHFW)RXULHU WUDQVIRUPDWLRQ)RUWKLVSURILOHFRUUHODWLRQIXQFWLRQWKHPDWFKLQJHOHFWURQ
GHQVLW\SURILOHLVWKHQGHULYHGE\VTXDUHURRWGHFRQYROXWLRQ1RDSULRULDVVXPSWLRQVRQWKHVKDSHRIWKH
HOHFWURQGHQVLW\ SURILOH KDYH WR EH PDGH 6XEVHTXHQWO\ WKH REWDLQHG HOHFWURQ GHQVLW\ SURILOH ZDV
FKHPLFDOO\LQWHUSUHWHGE\DSSO\LQJSULRULQIRUPDWLRQVXFKDVVXUIDFHDUHDRIWKHPROHFXOH$VVXPLQJWKH
WDLOJURXSWREHV\PPHWULFDQGFRQVWUDLQLQJWKHQXPEHURIHOHFWURQVLQ WDLOVUHVXOWVLQDXQLTXHHOHFWURQ
GHQVLW\GLVWULEXWLRQIRUWKHWDLOV
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)LJXUH6$6SHFXODU;UD\UHIOHFWLYLW\GDWDZLWKWKHFRUUHVSRQGLQJILWVROLGUHGOLQHRI6DG3&6DG
DW WKH DLUZDWHU LQWHUIDFH DW P1P DQG  & % (OHFWURQ GHQVLW\ SURILOH REWDLQHG IURP WKH [UD\
UHIOHFWLYLW\ GDWD VKRZQ LQ $ RI 6DG3&6DG DW WKH DLUZDWHU LQWHUIDFH EODFN FXUYH $VVXPLQJ D
V\PPHWULFDO HOHFWURQ GHQVLW\ GLVWULEXWLRQ WKH REVHUYHG HOHFWURQ GHQVLW\ LV GHVFULEHG E\ WKH VXPRI WKH
HOHFWURQGHQVLWLHVRIWKHFKDLQVJUHHQFXUYHRIWKHKHDGVUHGFXUYHDQGRIZDWHUZLWKDURXJKQHVVRI
cEOXHFXUYH

,55$6±GHVFULSWLRQRIWKHPHWKRG
,QIUDUHGUHIOHFWLRQDEVRUSWLRQVSHFWUDZHUHUHFRUGHGXVLQJWKH9HUWH[)7,5VSHFWURPHWHU%UXNHU
*HUPDQ\ HTXLSSHG ZLWK D OLTXLGQLWURJHQ FRROHG0&7 GHWHFWRU DQG FRXSOHG WR D /DQJPXLU ILOP
EDODQFH ZKLFK ZDV SODFHG LQ D VHDOHG FRQWDLQHU DQ H[WHUQDO DLUZDWHU UHIOHFWLRQ XQLW ;$  
%UXNHUWRJXDUDQWHHDFRQVWDQWYDSRUDWPRVSKHUH8VLQJD.56WKDOOLXPEURPLGHDQGLRGLGH
PL[HGFU\VWDOZLUHJULGSRODUL]HUWKH,5EHDPZDVSRODUL]HGSDUDOOHOSRUYHUWLFDOVDQGIRFXVHG
RQWKHIOXLGVXESKDVHDWDQDQJOHRILQFLGHQFHRI
 $ FRPSXWHU FRQWUROOHG ³WURXJK VKXWWOH V\VWHP´ HQDEOHV XV WR FKRRVH EHWZHHQ WKH FRPSDUWPHQW
ZLWK WKH VDPSOH VXESKDVH ZLWK VSUHDG OD\HU DQG D UHIHUHQFH FRPSDUWPHQW SXUH VXESKDVH 7KH
VLQJOHEHDPUHIOHFWDQFHVSHFWUXPIURPWKHUHIHUHQFHWURXJKZDVWDNHQDVEDFNJURXQGIRUWKHVLQJOH
EHDP UHIOHFWDQFH VSHFWUXP RI WKH PRQROD\HU LQ WKH VDPSOH WURXJK WR FDOFXODWH WKH UHIOHFWLRQ
DEVRUSWLRQ VSHFWUXP DV ORJ55 LQ RUGHU WR HOLPLQDWH WKHZDWHU YDSRU VLJQDO )7,5 VSHFWUDZHUH
FROOHFWHGDWDUHVROXWLRQRIFPXVLQJVFDQVIRUVSRODUL]HGOLJKWDQGVFDQVIRUSSRODUL]HG
OLJKW

5HIHUHQFHV
 )HGRWHQNR,=DIIDORQ3/)DYDUJHU)=XPEXHKO$7KHV\QWKHVLVRIGLDPLGRSKRVSKROLSLGV7HWUDKHGURQ
/HWW
 2OVRQ ) +XQW & $ 6]RND ) & - 9 : 3DSDKDGMRSRXORV ' 3UHSDUDWLRQ RI OLSRVRPHV RI GHILQHG VL]H
GLVWULEXWLRQE\H[WUXVLRQWKURXJKSRO\FDUERQDWHPHPEUDQHV%LRFKLP%LRSK\V$FWD
 $OV1LHOVHQ - -DTXHPDLQ'.MDHU. /DKDY0 /HYHOOLHU ) /HLVHURZLW] / 3ULQFLSOHV DQG DSSOLFDWLRQV RI
JUD]LQJLQFLGHQFH;UD\DQGQHXWURQVFDWWHULQJIURPRUGHUHGPROHFXODUPRQROD\HUVDWWKHDLUZDWHULQWHUIDFH3K\V5HS

 .MDHU . $OV1LHOVHQ - +HOP & $ 7LSSPDQQ.UD\HU 3 0|KZDOG + 6\QFKURWURQ [UD\ GLIIUDFWLRQ DQG
UHIOHFWLRQVWXGLHVRIDUDFKLGLFDFLGPRQROD\HUVDWWKHDLUZDWHULQWHUIDFH-3K\V&KHP
 5LHW] 5 5HWWLJ : %UH]HVLQVNL * %RXZPDQ : .MDHU . 0|KZDOG + 0RQROD\HU EHKDYLRXU RI FKLUDO
FRPSRXQGVDWWKHDLUZDWHULQWHUIDFHKH[DGHF\OR[\EXWDQHGLRO7KLQ6ROLG)LOPV
 /HSHUH0&KHYDOODUG&%UH]HVLQVNL**ROGPDQQ0*XHQRXQ3&U\VWDOOLQH$P\ORLG6WUXFWXUHVDW,QWHUIDFHV
$QJHZ&KHP,QW(G
 -HQVHQ75.MDHU.6WUXFWXUDO3URSHUWLHVDQG,QWHUDFWLRQVRI7KLQ)LOPVDWWKH$LU/LTXLG,QWHUIDFH([SORUHGE\
6\QFKURWURQ ;5D\ 6FDWWHULQJ ,Q 1RYHO 0HWKRGV WR 6WXG\ ,QWHUIDFLDO /D\HUV 0|ELXV ' 0LOOHU 5 (GV (OVHYLHU
$PVWHUGDP9ROS
 .MDHU . $OV1LHOVHQ - +HOP & $ 7LSSPDQQ.UD\HU 3 0RHKZDOG + 6\QFKURWURQ [UD\ GLIIUDFWLRQ DQG
UHIOHFWLRQVWXGLHVRIDUDFKLGLFDFLGPRQROD\HUVDWWKHDLUZDWHULQWHUIDFH-3K\V&KHP
 .MDHU.6RPHVLPSOHLGHDVRQ;UD\UHIOHFWLRQDQGJUD]LQJLQFLGHQFHGLIIUDFWLRQIURPWKLQVXUIDFWDQWILOPV3K\VLFD
%
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 3HGHUVHQ - 6 0RGHOLQGHSHQGHQW GHWHUPLQDWLRQ RI WKH VXUIDFH VFDWWHULQJOHQJWKGHQVLW\ SURILOH IURP VSHFXODU
UHIOHFWLYLW\GDWD-$SSO&U\VWDOORJU
 3HGHUVHQ-6+DPOH\,:$QDO\VLVRIQHXWURQDQG;UD\UHIOHFWLYLW\GDWD,,&RQVWUDLQHGOHDVWVTXDUHVPHWKRGV
-$SSO&U\VWDOORJU
 0DOWVHYD(%UH]HVLQVNL*$GVRUSWLRQ RI DP\ORLG EHWD  SHSWLGH WR SKRVSKDWLG\OHWKDQRODPLQHPRQROD\HUV
&KHP3K\V&KHP
 0XHQWHU$++HQWVFKHO-%|UQHU+*%UH]HVLQVNL*&KDUDFWHUL]DWLRQRI3HSWLGH*XLGHG3RO\PHU$VVHPEO\
DWWKH$LU:DWHU,QWHUIDFH/DQJPXLU
 )ODFK&5%UDXQHU-:0HQGHOVRKQ5%LRSK\V-$
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